A Gram-stain-positive, alkaliphilic, non-spore-forming, non-motile bacterium, designated VDS11 
The genus Corynebacterium was first described by Lehman & Neumann (1896) . This genus belongs to the family Corynebacteriaceae, phylum Actinobacteria and consists of more than 100 species with validly published names (Bernard & Funke, 2012; Euz eby, 1997; Lehman & Neumann, 1896) . Of these, more than 50 species may cause infections in humans or are transmitted to humans by hosts (Collins et al., 1999; Esteban et al., 1999; Riegel et al., 1995 Riegel et al., , 1997 . The remaining species have been isolated from animals, foodstuffs, water, or synthetic materials (Fudou et al., 2002; Pascual et al., 1998) . Here, we report the taxonomical characterization of a novel isolate of the genus Corynebacterium from dumpsite soil contaminated with hexachlorocyclohexane (HCH) (450 mg HCH g À1 soil) (Sangwan et al., 2012) , situated at Ummari village, Lucknow (27 00¢ 24.7¢¢ N, 81 08¢ 57.8¢¢ E). Many species of bacteria have been isolated from the HCH dumpsite (Dadhwal et al., 2009; Sharma et al., 2010; Singh et al., 2013 Singh et al., , 2014 Singh et al., , 2015 Singh & Lal, 2009; Verma et al., 2015) . At the dumpsite there are many microbes that are not implicated directly in HCH degradation, but somehow they play a pivotal role in maintaining the micro-diversity in this extreme niche. The advantage of characterizing such a strain is improvement of diversity and functional information at this particular site. Due to this, the metabolic characterization and classification of the bacterial community at the site will be superior to any classifier (Xu et al., 2014) .
Soil samples were collected from the HCH dumpsite, suspended in 0.9 % (w/v) NaCl, serially diluted and plated on nystatin (20 µg ml
À1
) and streptomycin-amended (10 µg ml À1 ) Luria-Bertani (LB) agar plates (Vanbroekhoven et al., 2004) . A pale-yellow colony appeared on LB agar and was picked and purified by repeated streaking on LB agar after 48 h of incubation at 28 C. A polyphasic approach (Prakash et al., 2007; Vandamme et al., 1996) was used to characterize strain VDS11
T taxonomically.
The 16S rRNA gene of strain VDS11 T was amplified using universal primers 8f (5¢-AGA GTT TGA TCC TGG CTC AG-3¢) and 1542r (5¢-AAG GAG GTG ATC CAG CCG CA-3¢) (Lane, 1991) . The PCR program started with an initial denaturation step at 96 C for 5 min, followed by 30 cycles of denaturation at 96 C for 0.45 min, annealing at 55 C for 0.45 min and elongation at 72 C for 1.30 min, plus a final elongation at 72 C for 7 min.
The 16S rRNA gene sequencing of strain VDS11 T was carried out using the universal bacterial primer set 8f (5¢-AGA GTT TGA TCC TGG CTC AG-3¢), 341f (5¢-CTA CGG GAG GCA GCA GTG GG-3¢), 786f (5¢-TAC GGT TAC CTT GTT ACG ACTT-3¢) and 1542r (5¢-AAG GAG GTG ATC CAG CCG CA-3¢) (Lane, 1991) using an ABI 3700/ 373061 sequencer (Applied Biosystems; at the Department of Plant and Molecular Biology, University of Delhi, South Campus, New Delhi, India). The 16S rRNA gene sequence of strain VDS11 T was assembled manually by using Sequencing Analysis, version 5.1.1, and Clone Manager software, version 5. A continuous stretch of 1403 bp of the 16S rRNA gene of strain VDS11
T was obtained and this sequence was subjected to similarity searches using the Seqmatch tool of the Ribosomal Database Project (http://rdp. cme.msu.edu/) (Cole et al., 2014) and BLASTN program (Evalue ! 1eÀ10) (Altschul et al., 1990) . In order to identify the closest neighbours of strain VDS11
T with validly published names, a non-redundant BLASTN search of fulllength 16S rRNA gene sequences was performed by using GenBank (Altschul et al., 1990) , RDP II (Maidak et al., 2001 ) and the EzTaxon-e Server (Kim et al., 2012) . For the reconstruction of phylogenetic trees almost full-length 16S rRNA gene sequences (>1400 bp) that were closely related to strain VDS11 T were retrieved from GenBank and validated using the EzTaxon-e Server (Kim et al., 2012) . Strain VDS11 T showed highest sequence similarity with Corynebaterium humireducens MFC-5 T (98.7 %, 1401 bp) (Wu et al., 2011) and Corynebacterium nasicanis 2673/12 T (98.4 %, 1382 bp) (Baumgardt et al., 2015) . The percentage pair wise sequence similarity of strain VDS11
T and all the type strains of species of the genus Corynebacterium mentioned in the phylogenetic analysis ranged from 95.5 to 98.7 %. 16S rRNA gene sequence of Tsukamurella paurometabola DSM 20162 was used as an outgroup. Sequences were aligned with related 16S rRNA gene sequences using CLUSTAL X (Thompson et al., 1997) and gaps at the 5¢ and 3¢ ends were removed consecutively. Phylogenetic analysis was performed with MEGA version 5.2.2 (Tamura et al., 2011) using the neighbour-joining method (Saitou & Nei, 1987) and bootstrap analyses were based on 1000 replications (Fig. 1) . The tree topology obtained was validated with the maximum-likelihood method (Goldman, 1990) (Fig. S1 , available in the online Supplementary Material).
The DNA-DNA hybridization (DDH) was carried out between strains VDS11 T , C. humireducens MFC-5 T and C. nasicanis 2673/12 T , showing sequence similarities >97 % at the 16S rRNA gene sequence level. Total genomic DNA of all the strains was extracted and purified (CTAB/chloroform-isoamyl alcohol DNA extraction protocol as referred to by Cullings (1992) , and Doyle & Dickson (1987) . The DDH was carried out according to a principle proposed by De Ley et al. (1970) with an optimized fluorimetric procedure, evaluated by LovelandCurtze et al. (2011) , using a Step One Plus Real-Time PCR system (Vii 7 Real-Time PCR System Applied Biosystems) fitted with a 96-well thermal cycling block. DNA samples were sheared in 2Â SSC buffer and the final concentration was between 0.5 and 1.0 µg µl
. The DDH relatedness value of strain VDS11 T was highest with C. humireducens MFC-5 T (49.7 %), followed by C. nasicanis 2673/12 T (39.6 %); the values quoted for these two reference strains are means of three replicate determinations. The hybridization values were well below the standard limit of 70 % (Table S1 ), prescribed for the delineation of a novel bacterial species (Wayne et al., 1987) . This suggested further that strain VDS11 T represents a novel species of the genus Corynebacterium.
Fatty acid methyl ester (FAME) analysis was carried out at Royal Life Sciences Ltd, Secundarabad, India. The physiological age of strains VDS11
T , MFC-5 T and 2673/12 T was standardized according to the protocol of the Sherlock Microbial Identification System (MIDI). For this purpose each strain was grown on trypticase soy broth agar in a quadrant (TSBA) (HiMedia) for 24 h at 28 C. From the third quadrant of a petri dish, 2-4 loops of inoculum were subjected to saponification, methylation and extraction, according to the methods of Kuykendall et al. (1988) and Miller (1982) . The FAME mixtures were prepared and separated using the MIDI system and fatty acids identified using the Aerobe RTSBA database, version 6.0 B (Sasser, 1990) . The major fatty acids of C. pollutisoli sp. nov. were summed feature 3 (comprising the fatty acids C 16 : 1 !7c and C 16 : 1 !6c) (2.9), C 16 : 0 (28.3), C 18 : 1 !9c (52.3), C 18 : 0 (1.7) and C 20 : 0 (3.0). The predominant fatty acid in C. humireducens MFC-5 T was summed feature 3 (comprising the fatty acids C 16 : 1 !7c and C 16 : 1 !6c) (2.7), C 16 : 0 (24.7), C 17 : 0 (2.6), C 17 : 1 !8c (2.1) and C 18 : 1 !9c (58.6)] and in C. nasicanis 2673/12 T were C 14 : 0 (2.2), C 16 : 0 (27.3), C 18 : 1 !9c (36.6) and anteiso-C 15 : 0 (2.9)] , so they differed in this respect (Table S2 ). The fatty acid profile of strain VDS11
T showed qualitative and quantitative differences compared to that of C. humireducens MFC-5 T and C. nasicanis 2673/12 T , closely related species. This analysis led to the further demarcation of strain VDS11
T apart from its close relatives.
Application of Protocol 1 of Schumann (2011) revealed that the strain possessed peptidoglycan of the type A1g, based on directly cross-linked meso-diaminopimelic acid, which is typical of members of the genus Corynebacterium.
Polar lipids were extracted by the method of Minnikin et al. (1984) , separated by two dimensional TLC using HPTLC silica gel plates 60 F 254 (Merck; art. no. 1.05628.0001) and identified by spraying with ninhydrin, a-naphthol and molybdophosphoric acid reagents. The total lipid components were visualized by spraying with molybdophosphoric acid and heating at 180 C for 10 min. The polar lipids [diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylinositol (PI), unidentified aminolipids (AL1-5); unidentified glycolipids (GL1-2), unidentified phospholipids (PL1-3) and unidentified lipids (L1-3) were detected for strain VDS11 T (Fig. S2a) . When comparing the polar lipid profiles of strain VDS11 T , C. humireducens MFC-5 T and C. nasicanis 2673/12 T (Fig. S2a-c) all strains displayed the major phospholipids DPG, PG and PI, and correspond in the occurrence of several amino-and glycolipids (e.g. AL1, AL2, AL3, GL1, GL2). This finding supports strain VDS11
T being a member of the genus Corynebacterium. However, the aminolipid AL5 and lipids L2 and L3 only occur in strain VDS11
T and may serve to differentiate the novel species proposed.
Quinones were extracted from 200 mg dry cell mass using a 0.3 % (w/v) aqueous solution of NaCl in methanol: petroleum ether (1 : 1, v/v; 60-80 C boiling point). The upper phase was collected and dried in a rotavapor (Rotavapor @R-210 Buchi, Switzerland). The dried extract was dissolved in 100 ml acetone (Merck). The extract was loaded on a TLC plate (silica gel 60 F254, 20Â20 cm; Merck) using petroleum ether (boilng point, 60-80 C) and diethyl ether (85 : 15, v/v). Purified menaquinone was dissolved in diethyl ether and analysed by reverse-phase TLC according to the method of Collins et al. (1977) . Menaquinone MK-9(H 2 ) was the major isoprenoid quinone, further confirming the classification of strain VDS11
T within the genus Corynebacterium, according to the genus description.
Strain VDS11
T was isolated from a HCH dumpsite at Lucknow, India. The isolate showed aerobic growth at 28 C on different media such as LB agar, nutrient agar, R2A agar, tryptone soya yeast extract agar, xanthine agar and hypoxanthine agar (HiMedia). Anaerobic growth was tested by incubation in an anaerobic chamber with an O 2 absorbing and CO 2 producing agent (Anaero-Pack; Mitsubishi Gas Chemical) for a week. In order to determine the growth at different temperatures, strain VDS11
T was inoculated in LB media and incubated at 5-55 C. Growth at pH 3-12 in LB broth (in increments of 1 pH unit) was also determined (Arden Jones et al., 1979) . One test tube was sacrificed to determine the exact pH after autoclaving the media, and only those media were considered which showed units as natural numbers. Salt tolerance was determined in LB broth supplemented with 0-15 % (w/v) NaCl. The optimum conditions for the growth of VDS11 T were 6 % (w/v) NaCl, pH 8 and a temperature of 28 C (Table 1) . The morphology and dimensions of the cells were examined using a light microscope (Olympus) and transmission electron microscope (TEM 269D; Morgagni, Fei) (Fig. S3) . A microscopic study showed the absence of flagella, which is in accordance with the fact that strain VDS11
T is non-motile. Gliding motility of VDS11
T was tested on fresh LB broth culture using the hanging drop method (Bowman et al., 2003) as well as motility agar, confirming its absence. Colonies were light yellow, circular and smooth. The Gram-stain test was performed using a Gram staining kit (HiMedia) and strain VDS11
T was found to be Gram-stain-positive. Antibiotic sensitivity tests were performed on Muller-Hinton II medium at 28 C using Kirby-Bauer antibiotic testing or disc diffusion antibiotic sensitivity testing (HiMedia) (Bauer et al., 1966) T to a number of antibiotics is presented in Table S3 . The zones of inhibition were reported in millimeters after referring to a standardized chart for the KirbyBauer Test. Oxidase activity was determined by oxidation of (Chen et al., 2004) ; 5, C. marinum D7015 T (Du et al., 2010) . All strains were positive for the fermentation of D-glucose, while they were negative for b-galactosidase and N-acetyl-b-glucosaminidase and acid production from lactose. +, Positive; À, negative; ND, No data available. 
,N'-tetramethyl-p-pheneylenediamine using oxidase discs from HiMedia. Catalase activity was determined according to bubble production after the application of 3 % (v/v) hydrogen peroxide solution to colonies grown on LB agar (McCarthy & Cross, 1984) . Degradation assays of HCH isomers by strain VDS11 T were carried out using the protocol described by Kumari et al. (2002) . Strain VDS11
T was not able to degrade HCH isomers. The catabolic genes, lin genes, are known to mediate the degradation of HCH isomers (Kumari et al., 2002; Lal et al., 2010; Nagata et al., 2007) . The fundamental genes involved in the upstream degradation of HCH isomers are linA and linB. So, PCR was performed to check for the presence of linA and linB genes, but they were absent. The primers used to amplify linA and linB genes were: linAf (5¢-GCGGATCCGCATGAGTGATC-TAGACAGACTT-3¢), linAr (5¢-GCCTCGGTTA TGCGCCGCACGGTGCGAAATG-3¢), linBf (5¢-GCGGATCCGCATGAGCCTCGGCGCAAAGCCA-3¢) and linBr (5¢-GCCTCGAGTTATGCTGGGCGCAATCGCCG-GAC-3¢). The PCR program started with an initial denaturation step at 96 C for 5 min, followed by 30 cycles of denaturation at 96 C for 0.45 min, annealing at 60 C for 0.45 min and elongation at 72 C for 1 min, and a final elongation at 72 C for 7 min. Other biochemical activity was determined using the API Coryne and API ZYM systems (bioM erieux), according to the manufacturer's instructions (Table 1) .
Comparatively, strain VDS11
T differs from strain MFC-5 T and 2673/12 T on various grounds such as biochemical parameters, which include their different abilities to utilize carbon sources, naphthol ASBI-glucuronic acid and pyroglutamic acid-b-naphthylamide, and in growing over different ranges of pH, salinity and temperature (Table 2) (Table 1) .
Based on a combination of phylogenetic, phenotypic and genotypic analysis, strain VDS11 T , can be differentiated from C. humireducens MFC-5 T and C. nasicanis 2673/12 T , hence it is suggested that it represents a novel species of the genus Corynebacterium, for which the name Corynebacterium pollutisoli sp. nov. is proposed.
Description of Corynebacterium pollutisoli sp. nov.
